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1419785 Cell electrode manufacture VARTA BATTERIE AG 1 Dec 1972 [10 Dec 1971] 
55585/72 Heading H1B In the manufacture of an electrode for an alkaline cell, dry silver (II) oxide 
powder is mixed with dry P.T.F.E. powder and the mix- ture is subsequently formed into an 
electrode solely by compression, with or without a sup- porting material, by subjecting the mixture 
to a pressure of from 0A5 to 3A0 t./sq. cm. Preferably the P.T.F.E. has a particle size of from 10- 
50 A and is present in an amount of 1-10% by weight of the silver oxide powder. The dry silver (II) 
oxide powder may also include some particulate silver. Initially the P.T.F.E. powder is mixed with 
10% by weight of the silver powder, the remainder of which is added subsequently. The pressure 
employed on the mixture to form the electrodes is prefer- ably 1 t./sq. cm. A silver, copper or 
silver- plated copper support for the electrode in the form of a net, fabric or nail-perforated or 
sintered foil may be provided. 



Description of corresponding document: GB1419785 

(54)ELECTRODE FOR AN ALKALINE CELL 
(71) We, VARTA BATTERIE AG, a 

German company, ofStockener Strasse 351, 300 Hannover, Federal Republic of Germany, formerly of 
Gundelhardstrasse 72, 6233Kelltheim/Taunus, Germany, do hereby declare the invention, for which we 
pray that a patent may be granted to us, and the method by which it is to be performed, to be particularly 
described in and by the followingstatement 

The invention relates to a method of manufacturing an electrode for alkaline cells. 

Electrodes having silver oxide as the electrochemically active mass are generally manufactured by 
converting by formation loose or loosened structures or bodies of elementary silver intosilver oxide. 
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In this method, silver powder may be sintered directly, or the starting material may be silver oxide whic 
initially applied in the form of a paste to a support, whereupon the green compacts are converted therma 
by suitable heating into agglomerated or sintered elementary silver powder which is finally re-pressed. 1 
electrodes manufactured via silver oxide may be more readily formed; the electrodes thus consist usuall 
of a sintered skeleton which frequently contalus a reinforcement and conductor in the form of a lattice 
which is generally made of expanded silver metal.For their formation, these electrodes are anodically 
oxidised in an alkaline solution, the resulting degree of oxidation corresponding generally toAgOOJ 
toAgOO.,. Their capacity expressed in terms of ampere hours is thus below that of alec- trodes which 
contain pure AgO. Moreover, traces of alkali by which the storage life is deleteriously affected may 
generally he detected in the formed electrodes. Their manufacture is expensive and time-consuming. 

It is known that silver oxide plates having good electrochemical properties, but little mechanical strengtl 
may also be produced directly from silver oxide, preferably silver (II) oxide, either by compression of tl 
dry silver(II) oxide under a high pressure or via a paste of water and silver oxide. 

In the provisionally published Specificadon of French Patent Applicant No. 

2,010,079 there is disclosed a silver oxide electrode for alkaline primary cells which is characterised in l 
chemically produced silver (II) oxide is applied to at least one side of a compact or porous supporting la 
of metal, preferably structural metal, containing from 0.2 to 10%, and preferably from 0.5 to3% by weig 
of a cold-flowing polymer in finely divided form which is resistant to the silver(l 1) oxide.Electrodes of 
this kind are produced by introducing 

AgO of a stoichiometric composition, which may have been produced, for example by the action 
ofK,S208 upon AgNO,, into a solvent containing acold-flowing polymer, whereupon the solvent is 
evaporated, preferably in vacuo, as the suspension is simultaneously maintained in motion in order to 
prevent disintegration, or segregation of the components of the mixture. The loose powder cake is then 
crushed and sieved, the material thus obtained is compressed at a pressure of about 0.3 to 1.4t/sq. cm. 
(i.e.30L1400 kg/sq. cm.) into electrode form without artificial heating in the presence or absence of a 
supporting skeleton material. 

Nickel orcadmium electrodes may also be produced by the methods hereinbefore described for the 
manufacture of silver oxide electrodes. 

Benzine (gasoline), and aliphatic, aromatic and cyclic hydrocarbons are suitable solvents. 

All of the masses thus obtained are inflammable, some being explosively so, and can thus be handled or 
by taking elaborate precautions. 

British Patent Specification No. 1,208,322 also discloses a prowess for making an electrode for alkaline 
cells from a mixture of a binding material such aspolytetrafluoro- ethylene and powdered silver oxide, b 
in this case formation of the electrode is not solely by compression, but also by heating so as to cause 
softening of the bonding material which adheres to the silver oxide particles to form the required 
composite structure. 

It is an object of the invention to provide a method for the manufacture of an electrode for alkaline cells 
by which method an electrode can be manufactured the mechanical elasticity of which corresponds to oi 
approaches that of sintered electrodes despite the fact that it is neither heated, sintered nor subsequently 
formed. 

It is also an object of themethod according to the invention to reduce the accident hazard to a substantia) 
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According to the invention, there is provided a method for the manufacture of an electrode for analkalin 
cell, including the steps of mixing dry silver (II) oxide powder and dry polytetrafluoroethylene powder, 
and subsequently forming the electrode solely by compression by subjecting the mixture, in the presena 
or absence of supporting skeleton material, to a pressure offrom 0.5 to 3.0 t/sq. cm. 

Thae silver(a) oxide is preferably of a stoichiometric composition. 

It has been found to beparticulariy advantageous to admix the drypolytetrafluoro ethylene powder with i 

dry silver(II) aside powder in an amount of from 1 to 10%, preferablv from 3 to5%, by weight of the sih 

(II) oxide powder.Polytetrafluoro- ethylene powder of a particle size of from 

10 to 50qr is preferably used. The mixture thus obtained is sifted or screened and sub 

sequently compressedin ~ the presence or absence of supportingskeleton-material to produce electrodes. 

pressure of- substantially ltfsq. cm. is preferablyused 

The total amount of thepoly tetrafluoro ethylene powder is advantageously first mixed with a portion, 
preferably from 5 to 10 - of the total amount of the silver (II) oxide powder, the mixture so produced bei 
then mixed with the remainder of the silver(II) oxide powder. 

The electrodes may be lined or covered with thin layers of porous or perforated supports, such as 
nets,fabrics, nail-perforated foils or sintered foils or silver, copper or silver-plated copper. It has been 
found to be particularly advantageousto use an expanded metal which has been expanded once or twice 
and in which the electrode mass is (thus) very firmly anchored. 

It has been found to be advantageous to admix silver powder and/or silver chips with the AgO powder ii 
order to facilitate checking of the so-called' labouring" of an electrode upon multiple or repeated 
recharging of a cell. 

The behaviour of the electrodes manufactured by the method according to the invention upon discharge 
low temperatures is superior to that of the known electrodes in the manufacture of which a cold-flowing 
polymer serves as binding agent Moreover, 

the electrodes produced by the method according to the invention have a considerably longer storage lift 
since a reduction of 

theelectrochemically active metal, i.e. the silver, due to the presence of residual solvent or of an oxidisal 
binder is avoided. 

The method according to the invention also facilitates a substantially simplified mass production of the 
electrodes, since solvents and pasting agents are dispensed with. The expensive processes of drying are 
thus rendered unnecessary, and the mass and the pressed electrodes produced therefrom afford the 
advantage of being non-combustible in con 

trast with electrodes in which the binding agent is acold-ilovJing polymer. 
The invention is illustrated in the following examples. 
Example 1 

The electrochemically active material, silver oxide, is mixed with polytetrafluoroethylene powder, the 
mixing being effected dry (that is, in the absence of a solvent or pasting liquid) and the mixture is 
homogenised by sieving or screening. It has been found to be advantageous to mix the total amount of 
thepolytetrafluoroethylene powder with a portion of the quantity of the electrochemically active materia 
a high speed mixer, to add the equivalent admixture of silver powder and to subsequently mix the 
thus obtained primary mixture with the 

residual amount of theelectrochemically active material. The mixture thus obtained is free of lumps and 
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then homogenised by 

sieving or screening and loosened or disintegrated and is finally compressed to form the electrode. 
Example 2 

From 900 to 990 grams of dry silver oxide powder, (in this particular Example 960 grams are used), are 
made up to 1000 grams with dry polytetrafluoroethylene powder and are mixed in such manner that, as 
described in Example 1, the polytetrafluoroethylene powder is worked with about 10% (96 grams) 
of the total amount of silver oxide to form a primary mixture which is subsequently 
admixed with the remainder of thesilver oxide. After sieving through a sieve having a mesh width of 1 
mm, the mass is then processed for use as compressed electrodes. 

For the production of a mixture of compression electrodes according to Examples 
1 and 2, masses having very satisfactory com 
pression properties were produced when a 

a PTFE powder of a particle size in the range 10-50p. (in the Examples, the particle 
size was 20,.) was used. The electrodes pro 

duced therefrom had excellent discharging properties and good mechanical stability. 
Example 3 

From each of the mixtures of silver oxide and polytetrafluoroethylene powder produced in Examples 1 < 
2, an amount required for the production of an electrode was taken. 

One half of each amount was disposed uniformly (by brushing) in a mould (Pressform) and a supporting 
skeleton material which had been punched out in the form of an electrode, was then placed in each mou 
after which the other half of each mixture was added to (brushed into) the corresponding mould. By 
compressing the filled moulds at a pressure of from 0.5 to 3 t/cm2 (the particular pressure used in each 
instance in the present 

Example was 1 t/cm2, that is 1000 kg/cm2), there was obtained in each instance an electrode which not 
only exhibited good mechanical stability but also very satisfactory flexibility. 

Example 4 

960 grams of a stoichiometric silver oxide 

AgO obtained by the action of potassium persulphate,K2S20s, on silver nitrate, 

AgNO,, are admixed with 40 grams of PTFE powder of a particle size of 20CL as described in Example 
and 2 and an electrode was produced from the mixture in the manner described in Example 3. 

WHAT WE CLAIM IS: 

1. A method for the manufacture of an electrode for an alkaline cell, including the steps of mixing dry 
silver (II) oxide powder and dry polytetrafluoroethylene powder, and subsequently forming the electrod 
solely by compression by subjecting the mixture, in the presence or absenceof- suDporting skeleton 
material, to a pressure of from 0.5 to 3.0 t/sq. cm. 

2. A method according to Claim 1, in which the silver (II) oxide powder is of a substantially stoichiome 
composition. 

3. A method according to Claim 1 or 

Claim 2, in which the amount of the drypolytetrafiuoroethylene powder admixed with the dry silver (II) 
oxide powder constitutes from 1 to 10% by weight of the silver(II) oxide powder. 

4. A method according to Claim 3, in which the amount of the drypolytetrafluorow ethylenepowder 
constitutes from to 3 to 5% by weight of the silver(l 1) oxide powder. 
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5. A method according to any preceding claim, in which the dry polytetrafluoroethylene powder has a 
particle size of from 10 to 50y. 

6. A method according to any preceding claim, in which the pressure employed is substantially 1 t/sq. ci 

7. A method according to any preceding claim, in which particulate silver is also included in the mixtun 
silver (II) oxide and polytetrafluoroethylene powder. 

8. A method according to any preceding claim, in which the polytetrafluoroethylene powder is first mixi 
with a portion of the silver (II) oxide powder and the mixture so produced is then mixed with theremain- 
of the silver (II) oxide powder. 

9. A method according to Claim 8, in which the polytetrafluoroethylene powder is first mixed with 
from5% to 10% of the total amount of the silver(II) oxide powder. 

10. A method for the production of an electrode for an alkaline cell, substantially as hereinbefore descril 
with reference to any one of the Examples. 

1 1. A method according to Claim 1, which comprises mixing silver (II) oxide and polytetrafluoroethylei 
and compressing the mixture, substantially as hereinbefore described. 

12. An electrode whenever obtained by the method claimed in any one of the preceding 
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VARTA AKTIENGESELLSCHAFT, 6 Frankfurt/Main 

Verfahren zur Herstellung einer Elektrode 
fiir alkalische Zellen 



Die Erfindung betrifft ein Verfahren zur Herstellung einer 
Elektrode fiir alkalische Zellen. 

ttblicherweise werden Elektroden mit Silberoxid als elektro- 

- 

chemisch aktiver Masse hergestellt, indem aufgelockerte 
Strukturen aus elementarem Silber durch Formation in Silber- 
oxid umgewandelt werden. 

Dabei kann man entweder unmittelbar Silberpulver sintern oder 
aber von Silberoxid ausgehen und dieses zunachst als Paste auf 
einen Trager aufbringen, die Grunlinge danach durch geeignetes 
Erhitzen thermisch in zusammengesintertes elementares Silber- 
pulver uberfiihren und schlieBlich nachpressen. Die auf dern Weg 
liber das Silberoxid hergestell ten Elektroden lassen sich besser 
formieren; iiblicherweise bestehen somit die Elektroden aus einem 

Sintergerust, das als Verstarkimg und Stromableiter oft noch ein 

« 

Gitter, meist aus Silberstreckmetall, enthalt. Daese Elektroden 
werden zur Formierung in alkalischer Losung ariodisch oxidiert, 
dabei wird meist ein Oxidationsrrad entsprechend etwa einern 
Ag0 0 ^ bis AgO Q q erreicht. Ihre Kapazitat in Amperestunden ist 
darrit jra Vergloich mit Elektroden, die reine AgO enthalten, 
ger:hv>;er. In formierten Klektroden lassen sich v/eiterhin nieist 

* 

r 

- 2 - 
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Alkalireste nachweisen, die sich auf die Lager fahigke it un- 
gUnetig auswirken. Ihre Herstellung ist teuer und zeitraubend. 

Silberoxidplatten mit guten elektrocheniischen Eigenschaf ten, 

jedoch mit geringer raechanischer Festigkeit, konnen bekannter- 

maBen auch direkt aus Silberoxid, vorzugsweise Silber(II)- 

oxid, entweder durch trockenes Verpressen unter hohen Drucken 

Oder ttber eine Paste aus Wasser und Silberoxid hergestellt 

werden. 
* 

Aus der PR-OS 2 010 079 ist bereits eine Silberoxidelektrode 
ftir alkalische Primarelemente bekannt, die dadurch gekenn- 
zeichnet ist, daB zumindest auf einer Seite einer konipakten 
Oder porosen Tragerschicht aus Metall, insbesondere Struktur- 
raetall, chemisch gewonnenes Silber(Il)-oxid aufgebracht ist, das 
0,2 bis 10 Gew.# bevorzugt 0,5 bis 3 Gew.#, eines kaltflietfen- 
den, gegemiber dem Silber(II)-oxid bestandigen, Polymerisates 
in feinverteilter Form enthalt. Eine solche Elektrode wird 
hergestellt, indera man das beispielsweise durch Einwirkung von 
K 2 S 2°8 auf A S N0 3 gewonnene stochiometrisch zusaramengesetzte 
AgO in ein, ein kaltflieBendes Polymerisat enthaltendes LSsungs- 
mittel eintragt, das Losungsmittel "- bevorzugt im Valruum - ah- 
dampft und dabei die Suspension in Bewegung halt, urn eine Ent~ 
mischung zu verhlndern. Anschlietfend zerkleinert und siebt wan 
den lockeren Pulverkuchen ; das erhaltene Material v/ird olme 
kunstliche Erwarinung - mit oder ohne Stutzgerustmaterial -unter 
einera Druck von etwa 0,3 bis 1,4 t/cm in Elektrodenf orm gepreflt. 

Mit den bisher bcschriebenen Verfahren zur Herstellung einer . 
Silberoxidelektrode werden auch beispielsweise Nickel- oder 
Cadmiumelekfcroden hergestellt. 

Als Losungsmittel kommen Benzin odor aliphntische, aromati^che 

■ 

und cyclische Kohl enwassers toff e in Frage. Die so erhaltei;f)i 
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Massen sind alle brennbar bis explosiv und ihre Handhabung 
kann nur unter groflen Vorsichtsmafinahraen erfolgen. 

Aufgabe der Erfindung ist es, ein Verfahren zu entwickeln, 

das die Herstellung einer Elektrode fiir alkalische Zellen er- 

anoglicht, die ohne gesintert und anschlieflend formiert zu 

werden, eine den Sinterelektroden entsprechende mechanische 

Elastizitat aufweist. Gleichzeitig soil durch das erfindungs- 

gernafle Verfahren die TInfallgefahr stark herabgesetzt v/erden. 
« 

Diese Aufgabe wird dadurch gelost, daS die elektrochemisch 
aktive Masse und Polytetrafluorathylenpulver trocken mit- 
einander gemischt werden und dafl anschlieBend die Mischung 
mit oder ohne Stutzgeriistmaterial zu einer Elektrode ver- 
preBt wird. 

Besonders vorteilhaft hat es sich erwiesen, 1 bis 10 Gew.$ 

Polytetrafluorathylenpulver, bezogen auf die elektrochemisch 

aktive Masse, mit dieser trocken zu vermischen. Vorzugsweise 

wird ein Polytetrafluorathylenpulver einer KorngroBe von 

10 bis 50 /V verwendet. Die so erhaltene Mischung wird ge- 

siebt und anschlieBend, rait oder ohne Tragergeriistraaterialien, 

zu Elektrodon verprefit. Erf indungsgernaG wird dabei ein PreB- 

2 

druck von 0,5 bis 3 t/cm aufgev/endet . 

Ala Ein- oder Auflage fur die Elektroden konnen dlinnschichtige 
porose bzw. perforiorte Trager, v/ie Netze, Gewehe, nagelperfo- 
rierte Fol.ien oder S.i nterf ol ien aua Silher, Kupfcr oder ver- 
silbertem Kupfer di enen. Als besonders vorteilhaft hat sich 
die Verwendun-r: von einfach oder doppelt gestreoktem Streck- 
R?o1:oll erv/.iofien, in welchem die Elektrodeurnasso sich sebr 
fast vermis c?rt, 

- 4 - 
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Jieses Verfahren eignet sich beispielsweise zur Herstellung 
von Nickel- oder Cadmium-Elektroden, besonders geeignet ist 
dieses Verfahren zur Herstellung einer Silber(Il)-oxid- 
Elektrode. 

Ura die Stromableitung zu verbessern und um insbesondere bei 
raehrhaltigem Wiederauf laden des Elementes das sogenannte 
"Arbeiten 11 der Elektrode besser abfangen zu konnen, hat es sich 
als empfehlenswert erwieBen, dem AgO-Pulver noch Silberpulver 
und/oder Silberspane zuzusetzen. 

Gegeniiber den bekannten Elektroden, bei der en Herstellung als 
Binder ein Kaltpolymerisat verwendet wird, wiesen die nach dem 
erfindungsgemaBen Verfahren hergestellten Elektroden ein 
besseres Tieftemperaturverhalten bei der Entladung auf . AuBer^r 
dem besitzen die nach dem erfindungsgemaBen Verfahren herge- 
stellten Elektroden eine weit bessere Lagerfahigkeit , da eine 
Reduktion des elektrochemischen aktiven Materials, bedingt 
durch Reste des Losungsmittels Oder gegebenenfalls des oxidier- 
baren Binders, entfallt* 

V/eiterhin erraoglicht das erf indungsgemaBe Verfahren eine er- 
heblich einfachere Masseherstellung, da das Arbeiten mit irgend- 
welchen Losungs- oder Anteigmitteln entfallt. Dadurch entfallen 
die aufwendigen Trocknungsprozesse und des weiteren hat die 
Masse und die daraus hergestellten PreBelektroden im Gegensatz 
zu Elektroden, bei denen kaltflieBendes Polymerisat als Binde- 
inittel vervjondet wird, den Vorteil, nicht brennbar zu sein. 
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Patentanspruche 



Verfahren zur Herstellung einer Elektrode fur alkalische 
Zellen, dadurch gekennzeichnet, daB elektrochemisch 
aktive Masse und Polytetrafluorathylen trocken mitein- 
ander geroiseht werden und daB anschlieBend die Mischung 
mit Oder ohne Stutzgeriistmaterial zu einer Elektrode ver- 
preBt wird. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daS 

1 bis 10 Gew.# Polytetrafluorathylenpulver , bezogen auf 
die elektrochemisch aktive Masse, mit dieser trocken ver- 
mischt werden. 

3. Verfahren nach den Anspriichen 1 und 2, dadurch gekennzeichnet, 
daB die elektrochemisch aktive Masse mit Polytetrafluor- 
athylen einer KorngroBe von 10 bis 50 ^u trocken vermischt 
wird. 

4. Verfahren nach den Anspriichen 1 his 3, dadurch gekennzeichnet, 
daB die Hischung untcr einem Druck von 0,5 bis 3 t/cm zu 
Elektroden verprefit v/ird. 

5. Verfahren nach den Aur;prUchon 1 hie 4, dadurch gekennzeichnet, 
daB etwa stocliioinotr Lsch zunrT.nneugesetztes 5ilber(ll)-ox Lei- 
pulver und Polytetrafluorathylenpulver trocken miteinander 
gemischt werden. 
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